A new set of wavenumbers for the Stimulated Raman Spectrum (SRS)of the v band of 2CH, is presented using the Infrared (IR) absorption spectrum of the Plo component of v of the same molecule as a wavenumbers standard. An estimation of the Stark shift due to the pump laser field is experimentally deduced what allows to extrapolate the measured wavenumbers to zero field amplitude. A careful discussion about the main possible error sources and how to cope with them is also included.
lock the fixed frequency laser, but the frequency of the tunable laser has to be determined either by means of wavemeters of the Michelson In our Stimulated Raman/Infrared spectrometer, a fraction of the pump and probe c.w. visible beams can be non-linearly mixed in a LiNbO3 crystal to generate the IR difference frequency radiation, and the absorption spectrum of an IR standard can be recorded simultaneously with SRS spectrum in order to provide a calibration reference. In this way, it is possible to increase by about one order of magnitude the accuracy of the wavenumbers determined from the SRS spectrum, as compared with most of the above mentioned methods.
A further advantage is that, with visible standards for e92, the wavenumbers of the probe beam, o9, has to be accurately known, whereas with We report here a wavenumbers set for all the resolved peaks observed in the 77 K SRS spectrum, increasing the accuracy by more than one order of magnitude as compared with most of the previously reported values.
The remainder of the paper is organized as follows: part 2 presents a description of the apparatus, paying special attention to the acquisition system, part 3 is a discussion of the frequency calibration system used and part 4 Several effects can make this resolution limit difficult to achieve. First, if the YAG laser is not single-mode, the beating between different modes is transferred in some extension to the temporal profile of the pump beam, which originates a non-Gaussian spectral lineshape with sidebands, leading to some distortion in the spectrum. Second, the high power density at the focal region interacts with the energy levels of the molecule through the AC-Stark effect, giving rise to line broadening and shift. The influence of this effect on the methane spectrum reported here will be discussed later on.
In order to record Raman and IR spectra simultaneously, a small fraction of the c.w. Ar / and dye lasers is pick off before entering the Raman system, and used to generate the IR radiation.
Two sets of spectra were recorded ( Figure 3 ). The first one with a sample pressure of 15 Torr at room temperature. This spectrum is essentially Doppler limited but several lines are unresolved. A second set was recorded cooling the cell in a liquid nitrogen bath at 77 K, at the vapor pressure of 10 Torr. The spectrum appears almost fully resolved and the S/N ratio is well over 1000. The pump energy was set to 10 mJ. The good S/N ratio allowed us to record several spectra at low pump energy (1 mJ) and still very good S/N (over 200) in order to check for a Stark shift in the Raman frequencies.
Data Acquisition System
The data acquisition is controlled by a microcomputer, which commands the beginning of the dye laser scan and acquires data from several channels in a microprocessor based A/D converter.
In By choosing the number of data points per wavenumber and the number of shots to be averaged, we can select the precision of the frequency marks, which is usually chosen to be of the same order of the laser frequency jitter (in the range of 0.3-1.0 x 10 -' cm-1).
Two experimental effects need to be taken into account when comparing the Raman spectrum with the IR one. The first one is due to the different data acquisition system in the IR and Raman spectra. Each IR data point reflects the intensity at the current wavenumber, whereas the Raman signal at the same instant is an average of several previous shots, each for a different wavenumber because the dye laser is continuously scanned. This originates an apparent shift in the wavenumber of the Raman peak, whose value depends on the number of averaged points and on the scan rate. Second, the wavenumber of the IR radiation, depends on that of the c.w. dye laser, whereas the Raman signal is actually generated by the pulse amplified laser. A small frequency shift can occur in the amplification process. The magnitude and sign of this shift depends upon the dye used for amplification and the spectral region involved.
The correction needed to cope with both effects is obtained (see Ref cm-for the I2.
The different error sources from the several steps leading to relative frequency calibration are routinely estimated in the data analysis software, using standard methods. This estimated error is listed in Table 1 along with the wavenumbers and represents the contribution of the dye laser jitter and noise, as well as that of the width and blending of the lines. A typical figure for unblended lines in our spectrum is 3 x 10 -4 cm-(s.d.), and is coincident with the standard deviation actually found for the wavenumbers of the same transitions in ten different records.
Besides this reproducibility figure, we must consider the error estimated for the correction applied to Raman wavenumbers (see previous paragraph), and the error quoted for the reference spectrum. The overall uncertainty in the wavenumbers reported in Table 1 is estimated to be x 10 -3 cm-1 (twice s.d.).
Stark Effect
As mentioned above, the molecular energy levels are perturbed by the electromagnetic radiation field. Even for non-polar molecules the strong field due to the pump beam interacts with the induced dipole moment, originating an energy shift proportional to the instantaneous intensity. 2'2 The major manifestations of this AC-Stark effect are a small change in the inertial moments, the removal of the M degeneracy and a The wavenumbers in Table 1 have been extrapolated to zero field amplitude by adding 5 x 10 -'cm-to the values of the 10-mJ spectrum. 4 . RESULTS AND DISCUSSION Figure 3 shows the 77K spectrum of the v band of CH, (lower field), together with the IR spectrum of the v3, P o sub-branch of the same molecule used as reference. parenthesis. After applying the experimental corrections discussed above, a + 0.0005 cm-1 correction has been done to refer the measured wavenumbers to zero field amplitude. They reflect the average of between five and twelve independent measurements, using the IR spectrum as a standard, in the way described above.
The absolute accuracy for this data set is estimated to be at least one order of magnitude better than previously published data.
